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Abstract 

Paintless Dent Repair (PDR) technology represents a modern method for restoring vehicle body panels without damaging 

the original paint coating. In the context of a growing vehicle fleet, increasingly stringent environmental regulations, and 

rising costs of conventional body repair, the search for resource-efficient and economically viable repair technologies has 

become particularly relevant. The aim of this study is to provide a comprehensive analysis of PDR technology as an element 

of the contemporary body repair system from the perspectives of operational efficiency, economic feasibility, and 

environmental sustainability. 

The research employs methods of comparative analysis of conventional and paintless repair technologies, techno-

economic assessment of production processes, and synthesis of professional practice data from service centers and 

insurance organizations. The key technological features of PDR, equipment and personnel qualification requirements, as 

well as the limitations of the method’s applicability are examined. 

Based on the analysis of 124 repair cases (62 PDR and 62 conventional repairs), it was found that the average repair time 

decreased from 9.4 ± 1.8 hours to 1.7 ± 0.6 hours, while the average cost was reduced from 470 to 185 USD. The annual 

economic effect at a workload of 35 orders per month amounted to 119,700 USD. The elimination of painting operations 

made it possible to prevent up to 60.9 kg of volatile organic compound (VOC) emissions per year. The study concludes 

that integrating PDR technology into modern body repair systems is justified as a sustainable and promising direction that 

meets economic, environmental, and service quality requirements. 
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environmental sustainability, automotive service. 
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Introduction 

The modern development of the automotive industry is 

accompanied by an increasing number of vehicles, 

growing complexity of body structures, and rising 

requirements for the quality of repair and restoration 

operations. Damage to vehicle body components 

resulting from road traffic accidents, adverse weather 

conditions, and mechanical impacts is traditionally 

repaired using methods that involve panel straightening, 

body filler application, and subsequent painting. These 

technologies are characterized by high labor intensity, 

significant material consumption, and negative 

environmental impacts associated with the use of paints, 

coatings, and solvents. 

Under these conditions, Paintless Dent Repair (PDR) 

technology is of particular interest. PDR is based on 

restoring the original shape of metal body panels without 

damaging the factory paint coating. Initially, PDR was 

regarded as an auxiliary method for eliminating minor 

defects; however, in recent years, it has increasingly been 

considered an independent technological alternative to 

conventional body repair methods [3,10]. The expansion 

of specialized tooling, improved precision of repair 

techniques, and the development of professional training 

programs have contributed to the growing applicability 

of this technology in automotive service practice. 

Despite the widespread adoption of PDR, the scientific 

and technical literature often addresses the technology 

only fragmentarily, either from the perspective of 

practical repair techniques or in the context of its 

marketing advantages. At the same time, insufficient 

attention has been paid to a systematic analysis of its 

operational, economic, and environmental effects within 

the functioning of automotive service enterprises [3,4]. 

The lack of such analysis complicates the justification of 

managerial decisions related to the implementation and 

scaling of PDR technologies. 

According to insurance statistics from the United States 

and European Union countries, the share of localized 

body damage without paint coating failure accounts for 

approximately 38–52% of all insurance claims related to 

body repairs (Mitchell International data). At the same 

time, the average duration of conventional repair of a 

single body panel ranges from 8 to 14 hours, creating a 

significant workload for automotive service facilities. 

Under these conditions, assessing the potential of PDR 

requires a quantitative analysis of operational and 

economic indicators based on empirical data. 

The purpose of this study is to substantiate the 

effectiveness of Paintless Dent Repair technology as an 

element of the modern auto body repair system through 

an analysis of its technological, economic, and 

environmental characteristics. 

To achieve this objective, the following research tasks 

were formulated: 

• to analyze the technological principles and 

application features of PDR; 

• to compare PDR with conventional body repair 

methods using key operational indicators; 

• to assess the economic effects of implementing 

paintless repair in automotive service practice; 

• to identify the environmental advantages and 

limitations of the technology; 

• to determine the factors limiting the large-scale 

adoption of PDR within automotive service systems. 

The scientific novelty of the study consists of: 

• the development of an integrated techno-economic 

evaluation model for PDR incorporating 

environmental factors; 

• a quantitative assessment of prevented volatile 

organic compound (VOC) emissions resulting from 

the transition to paintless repair technologies; 

• the development of a calculation model for 

estimating the annual economic effect for small 

automotive service enterprises. 

For the first time, a quantitative assessment of prevented 

VOC emissions for small automotive service businesses 

has been conducted based on empirical data obtained 

from actual production practice. 

Materials and Methods 

The research materials consisted of data obtained 

through the analysis of Paintless Dent Repair (PDR) 

applications in specialized automotive service 

enterprises, as well as the results of reviewing regulatory 

and technical documentation, industry standards, and 

professional methodological recommendations in the 

field of vehicle body repair. Additional information was 

obtained from insurance companies and service centers 

regarding the structure of vehicle body damage and the 

time required for its repair. 

The study employed a combination of general scientific 

and specialized research methods to provide a systematic 

analysis of the technological and operational 
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characteristics of PDR. The primary method was 

comparative analysis, aimed at comparing paintless 

repair technology with conventional body restoration 

methods involving mechanical straightening, application 

of filler materials, and subsequent painting. The 

comparison was conducted using indicators such as labor 

intensity, repair duration, material consumption, and the 

degree of intervention in the factory paint coating. 

The empirical basis of the study consisted of data from 

124 repair cases performed during 2024–2025 at the 

CARSTAR service center (Golden, Colorado, USA), 

including 62 repairs completed using the PDR method 

and 62 repairs performed using conventional painting-

based procedures. The analysis included comparable 

damage cases involving localized dents with diameters 

up to 120 mm without metal fracture. Repair cost was 

calculated as the sum of direct material costs, labor 

expenses, and a proportional share of overhead costs. 

The repair cost was calculated using Equation (1): 

 

C = Cₗ + Cₘ + Cₑ        

  (1) 

where: 

Cₗ — labor costs; 

Cₘ — material costs; 

Cₑ — equipment operating expenses. 

To evaluate operational efficiency, a structural-

functional analysis of the repair process was applied. 

This approach made it possible to identify the principal 

stages of PDR operations, determine equipment and 

personnel qualification requirements, and identify 

factors influencing the quality of restored body panels. 

Particular attention was paid to the analysis of dent 

geometry, dent depth, paint condition, and accessibility 

of the repair area. 

The economic component of the study was based on 

techno-economic analysis methods and cost-accounting 

techniques, including the evaluation of expenditures 

related to equipment acquisition, tooling, and personnel 

training, as well as the analysis of repair operation costs. 

During this stage, indicators such as repair time, 

utilization of production capacity, and the potential 

profitability of implementing PDR within automotive 

service enterprises were examined. 

To analyze environmental aspects, a comparative 

quantitative assessment of volatile organic compound 

(VOC) emissions was conducted by comparing the 

consumption volumes of paint materials, solvents, and 

auxiliary chemical products in conventional body repair 

and PDR technology. The impact of repair operations on 

waste generation and hazardous emissions in the 

production environment was also evaluated. 

The processing and synthesis of the obtained data were 

carried out using logical analysis and synthesis methods, 

making it possible to form a comprehensive 

understanding of the role of PDR technology within the 

modern vehicle body repair system and to identify 

directions for its further development. 

Results 

Based on the analysis of 124 repair cases, Paintless Dent 

Repair (PDR) technology demonstrated a number of 

operational, economic, and environmental advantages 

compared with conventional body repair methods 

involving panel restoration followed by refinishing and 

painting. 

Operational Results 

The analysis of the repair process showed that PDR 

enables the restoration of vehicle body geometry while 

preserving the original factory paint coating in cases of 

localized plastic deformation without metal rupture. The 

highest effectiveness of the method was observed in the 

repair of shallow and moderate dents caused by hail 

damage, minor impact incidents, and localized 

mechanical loads. 

The study identified the thickness and elastic properties 

of the body panel material, the geometry of the damaged 

area, and the accessibility of the repair zone from the 

interior or exterior side of the panel as the key factors 

determining the applicability of PDR. In cases involving 

complex surface curvature or damage located near 

structural body components, the effectiveness of the 

technology decreases, requiring the application of 

combined repair approaches. 

The analysis of the repair workflow demonstrated that 

paintless repair eliminates the stages of filling, priming, 

and painting. As a result, the overall repair cycle is 

significantly shortened, while the risk of secondary 

defects associated with paint color mismatch is 

substantially reduced. 
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Economic Results 

The economic analysis showed that the implementation 

of PDR contributes to reducing repair costs through 

lower labor requirements and the elimination of expenses 

related to paint materials and associated consumables. 

Reduced repair time increases service facility throughput 

and improves workstation utilization efficiency. 

It was found that the initial investments required for 

acquiring specialized tools and training personnel are 

offset by increased labor productivity and growing 

demand for rapid repair services. The greatest economic 

benefit is achieved in market segments characterized by 

a high proportion of minor and moderate body damage, 

which is typical of passenger vehicles. 

In addition, the use of PDR reduces the dependence of 

automotive service enterprises on consumable materials 

and fluctuations in their market prices, thereby 

improving financial stability under changing economic 

conditions. 

Environmental Results 

The assessment of environmental impact demonstrated 

that the elimination of painting operations and chemical 

materials substantially reduces the generation of 

production waste and decreases harmful emissions 

within the automotive repair environment [6]. 

The absence of solvents, primers, and paint coatings 

minimizes environmental impact and improves 

workplace conditions for personnel. Consequently, PDR 

may be considered an environmentally oriented direction 

in the development of body repair technologies that 

aligns with contemporary principles of sustainable 

development and resource conservation. 

Overall, the obtained results confirm the feasibility of 

integrating Paintless Dent Repair technology into 

modern body repair systems, particularly for vehicles 

with localized body panel damage [3,4,10]. 

As part of the study, a comparative evaluation of 

Paintless Dent Repair (PDR) and conventional body 

repair involving filler application and painting operations 

was conducted. The comparison included repair 

duration, labor intensity, direct repair costs, and 

environmental performance indicators. 

It was established that the average repair time for 

localized dents without paint damage using the PDR 

method ranges from 0.8 to 2.5 hours, depending on the 

complexity of the deformation and accessibility of the 

damaged area. For comparable damage repaired using 

conventional methods, the average repair duration ranges 

from 6 to 12 hours, including surface preparation, filler 

application, drying, and painting operations [4]. 

The data presented in Table 1 summarize average values 

reported in scientific publications and industry reports. 

To verify the consistency of these trends with actual 

production practice, an original empirical study (n = 124) 

was conducted, the results of which are presented in 

Table 2. 

 

Table 1 Comparative Evaluation of Paintless Dent Repair (PDR) and Conventional Body Repair Involving Filling 

and Painting Operations [1–10] 

Parameter Paintless Dent 

Repair (PDR) 

Conventional Body 

Repair 

Notes / Sources 

Average repair time, h 0.8–2.5 6–12 Depends on deformation 

complexity [1,2] 

Labor intensity (man-

hours) 

55–70% reduction Baseline level Service center data and industry 

reports [3,4] 

Direct cost per panel, USD 40–60% lower Baseline cost Service cost calculations [5] 

VOC emissions, g ~0 120–180 Environmental studies [6,7] 

Preservation of original 

paint coating 

100% Partial / none Important for durability and 

aesthetics [2,8] 
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Damage limitations Local dents without 

cracks only 

Applicable to all 

damage types 

Combined approaches 

recommended [2,8] 

Required personnel 

qualification 

Moderate High PDR requires specialized training 

and precision skills [3,4] 

Impact on business 

profitability 

Increase of 15–25% No significant effect Industry analytical reports [5,9] 

Environmental 

performance 

High Low Reduced air emissions and waste 

generation [6,10] 

The labor intensity of repair operations using PDR was 

reduced by an average of 55–70%, which is consistent 

with data from service centers and industry studies [3,4]. 

Reduced labor requirements directly affect service costs: 

the direct cost of repairing a single body panel using PDR 

is, on average, 40–60% lower than that of conventional 

repair methods involving panel restoration and 

refinishing [5].  

Table 2 presents the results of the author's empirical 

study (n = 124). 

 

Table 2 Results of Comparative Analysis of 124 Repair Cases 

Indicator PDR (n = 62) Conventional Repair (n = 62) 

Average repair time, h 1.7 ± 0.6 9.4 ± 1.8 

Average labor intensity, man-hours 1.5 8.2 

Average repair cost, USD 185 470 

Paint material consumption, g 0 320 

VOC emissions, g 0 145 

Average revenue per workday (single workstation), USD 1,110 940 

The environmental benefits of PDR arise from the 

complete elimination of paint materials, organic 

solvents, and abrasive compounds. According to data 

from the European Commission and industry 

environmental studies, conventional repair of a single 

body panel may generate up to 120–180 g of volatile 

organic compounds (VOC), whereas VOC emissions 

associated with PDR approach zero [6,7]. 

Statistical analysis was performed using Student’s t-test. 

Statistically significant differences were identified for 

repair duration (t = 18.4; df = 122; p < 0.001). 

The economic effect of implementing PDR was 

calculated using Equation (2): 

 

E = (Ct − Cp) × N                                     (2) 

where: 

Ct — average cost of conventional repair (470 

USD); 

Cp — average cost of repair using PDR (185 

USD); 

N — number of repair orders (average of 35 per 

month). 

The annual repair volume amounted to 420 

orders (35 × 12). 

The average duration of conventional repair was 9.4 ± 

1.8 h, whereas the corresponding value for PDR was 1.7 
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± 0.6 h. The reduction in repair time reached 81.9% (p < 

0.05). 

The average cost of conventional repair was 470 USD, 

compared with 185 USD for PDR. Cost reduction 

amounted to 60.6%. 

At an average monthly workload of 35 repair orders, the 

annual repair volume totaled 420 jobs. The annual 

economic benefit was calculated as: 

E = (470 − 185) × 420 = 119,700 USD 

The calculation of prevented VOC emissions was based 

on an average localized painting area of 0.6 m² and a 

specific emission factor of 145 g/m². The elimination of 

painting operations prevented approximately 60.9 kg of 

VOC emissions annually (Figure 1). 

 

Figure 1. Environmental Effect of Paintless Dent Repair Technology 

Thus, the obtained results indicate the high 

technological, economic, and environmental efficiency 

of Paintless Dent Repair technology in the repair of 

localized body panel deformations. 

Discussion 

The results obtained confirm the feasibility of 

implementing PDR technology as a tool for improving 

the resource efficiency of automotive service enterprises. 

The substantial reduction in repair time contributes to 

increased service capacity and lower operating costs. 

A comparison of paintless repair with conventional body 

repair technologies involving panel straightening and 

refinishing demonstrates that the key factor underlying 

the effectiveness of PDR is the preservation of the 

original factory paint coating. This not only reduces labor 

intensity and repair duration but also ensures the 

preservation of the vehicle's aesthetic appearance and 

corrosion resistance characteristics, which is particularly 

important for vehicles with factory-applied multilayer 

coating systems [3,6]. 

The economic findings indicate that the implementation 

of PDR enables automotive service enterprises to 

optimize their cost structure and increase operational 

flexibility. Unlike conventional body repair processes, 

paintless repair is less dependent on the cost of 

consumable materials and energy expenditures, thereby 

enhancing business resilience under conditions of rising 

prices and increasing restrictions on the use of chemical 

products. This conclusion is especially relevant for small 

and medium-sized service enterprises focused on 

maintaining high repair turnover rates. 

The environmental effect is associated with the complete 

elimination of painting operations for applicable types of 

damage, resulting in reduced environmental impact and 

lower occupational risks. Consequently, PDR may be 

regarded as an important component of the 

environmentally oriented transformation of automotive 

service technologies. 

At the same time, the findings confirm the existence of 

objective limitations to the application of PDR. These 
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limitations include complex body panel deformations, 

damage located near reinforcement structures and panel 

edges, as well as cases involving damage to the paint 

coating itself. Under such conditions, paintless repair 

should be considered a component of an integrated repair 

strategy rather than a universal replacement for 

conventional body repair methods. 

Therefore, the discussion of the results suggests that the 

effectiveness of Paintless Dent Repair is determined not 

only by its technical capabilities but also by the correct 

selection of repair cases, the level of specialist training, 

and the integration of the technology into the overall 

organization of body repair operations. 

The obtained findings are consistent with the conclusions 

of a number of domestic and international studies 

devoted to the optimization of vehicle body repair 

processes and the reduction of their resource 

consumption and environmental impact [3,6,8]. The 

substantial reduction in repair time achieved through the 

use of PDR confirms its compliance with modern 

automotive service requirements focused on high 

throughput and minimizing vehicle downtime. 

The economic benefits of PDR are attributable not only 

to reduced labor intensity but also to lower material costs 

resulting from the elimination of paint products, 

chemical consumables, and expensive painting 

equipment. According to analytical reports, the 

implementation of paintless repair technology enables 

automotive service enterprises to increase the 

profitability of body repair operations by 15–25% while 

maintaining a high level of service quality [5,9]. 

The environmental advantages of the technology are 

particularly significant in the context of increasingly 

stringent environmental protection and occupational 

safety requirements. Eliminating sources of volatile 

organic compound (VOC) emissions reduces the load on 

ventilation systems, decreases occupational health risks, 

and facilitates compliance with environmental 

regulations [6,10]. 

At the same time, it should be noted that the applicability 

of Paintless Dent Repair is limited by the nature of the 

damage. The method is most effective when the paint 

coating remains intact and when the body panel material 

retains its plastic deformation properties. This supports 

the rationale for combining PDR with conventional 

repair technologies within an integrated body repair 

system, as also emphasized by other researchers [2,8]. 

Therefore, PDR should not be viewed as a universal 

replacement for conventional repair methods but rather 

as a highly effective specialized tool capable of 

delivering substantial economic and environmental 

benefits in the repair of localized body panel 

deformations. 

Conclusion 

The present study examined Paintless Dent Repair (PDR) 

technology as an element of the modern vehicle body 

repair system. The findings demonstrated that paintless 

repair possesses significant operational, economic, and 

environmental advantages compared with conventional 

body repair methods involving panel straightening and 

subsequent painting. 

The study established that the application of PDR 

reduces labor intensity and repair duration by eliminating 

multi-stage refinishing operations while preserving the 

original factory paint coating, thereby positively 

affecting both durability and aesthetic characteristics of 

vehicle body panels. The economic analysis confirmed 

the feasibility of implementing PDR in automotive 

service enterprises, particularly in situations involving a 

high volume of localized body damage typical of the 

mass passenger vehicle market. Quantitative analysis 

confirmed an 81.9% reduction in repair time, a 60.6% 

reduction in repair costs, and the prevention of VOC 

emissions of up to 60.9 kg annually. 

The assessment of environmental aspects demonstrated a 

reduction in negative environmental impacts and 

improved workplace conditions resulting from the 

elimination of paint materials and chemical solvents. 

These findings support the consideration of Paintless 

Dent Repair as a resource-efficient and environmentally 

sustainable direction in the development of modern body 

repair technologies. 

At the same time, the study established that the 

effectiveness of PDR is constrained by several factors, 

including the type and location of damage, the structural 

characteristics of body components, and the qualification 

level of repair technicians. Therefore, paintless repair 

should be integrated into body repair systems in 

combination with conventional technologies, ensuring 

flexibility and adaptability of service operations. 

The results obtained provide evidence of the high techno-

economic and environmental efficiency of PDR 

technology for small automotive service enterprises. 
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